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Purpose: factors contributing to pressure transmission through thrombosed or sealed endoleaks have not been elucidated.
The purpose of this investigation was to create an ex-vivo model that mimics patent and sealed endoleaks and that can
quantitatively analyse the effects of length, diameter and thrombus on pressure transmission to the interior of the
aneurysm sac.
Methods: in the ex-vivo model, endoleak channels (ELCs) of various lengths (2 cm, 6 cm, 10 cm) and diameters (0.6 cm,
1.0 cm, 1.4 cm) were constructed using polytetrafluoroethylene (PTFE) grafts and attached to an artificial aneurysm sac.
These ELCs were incorporated within a mock circulation made of rubber tubing connected to a pulsatile pump. Peak
systolic pressure (PSP) was recorded in the aneurysm sac, distal to each ELC. Subsequently the ELCs were filled with
human thrombus, and the pressure measurements repeated (n=5). Data was evaluated by regression analysis.
Results: peak systolic pressure in the artificial circulation was maintained at 150 mmHg. In the absence of thrombus
pressure did not change across the ELC, regardless of its length or diameter. In the presence of organised thrombus, the
pressure curves distal to the ELC were dampened, and the pressure reduction was directly proportional to the length and
inversely proportional to the diameter of the ELC. Regression analysis indicated statistical significance.
Conclusions: in the absence of thrombosis, pressure transmitted via an ELC to the aneurysm sac is unchanged regardless
of its length or diameter. All sealed endoleaks also transmit pressure. However, when an endoleak has thrombosed,
pressure reduction is directly proportional to the length and inversely proportional to the diameter of its channel. This
ex-vivo model suggests that Type 2 endoleaks with longer channels and smaller diameters would derive a greater benefit
from adjunctive manoeuvres (coil embolisation) that hasten thrombosis. On the other hand, thrombosis of endoleaks with
short and wide channels (e.g. Type 1) may not result in substantial pressure reduction within the aneurysm sac and a
successful outcome.
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Introduction regarding its treatment options, with one exception;
sealed endoleaks that lead to aneurysm enlargement
necessitate treatment.Although endovascular aortic aneurysm repair (EVAR)
Options for treating endoleaks include coil em-has gained wide acceptance, endoleaks continue to
bolisation, addition of stent-graft cuffs and extensions,be among the most common complications of the
endoscopic ligation of inferior mesenteric and lumbarprocedure. Endoleaks, defined as perigraft blood flow
arteries, redo endovascular stent-graft repair, and openwithin the aneurysm sac, are associated with in-
surgical repair. Factors contributing to pressure trans-complete sealing of proximal and distal fixation sites,
mission through thrombosed endoleaks, which willretrograde flow from collateral branches, defects in
affect the treatment strategy for patent endoleaks, havethe stent-graft itself, or graft porosity.1–3 We are be-
not been elucidated. The purpose of this study was toginning to understand the natural history and patho-
analyse the effects of length, and diameter of the ELCphysiologic significance of patent endoleaks. However,
on pressure transmission to the aneurysm sac whenthe significance of so-called “sealed” endoleaks re-
the channel was patent and when it was thrombosedmains poorly understood and there is no consensus
or “sealed”.
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The experiments were performed in an ex-vivo model,† Presented at the European Society of Vascular Surgery XIV Annual
Meeting, London, UK in October 2000. which consisted of an artificial circulation made of
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Fig. 1. Ex-vivo model consisting of an artificial systemic circulation
made of rubber tubing connected to a pulsatile pump (Haemonetics;
Braintree, MA, U.S.A.) and a collecting system. Endoleak channels
of various lengths (2 cm, 6 cm, 10 cm) and diameters (0.6 cm, 1.0 cm,
1.4 cm), constructed using polytetrafluoroethylene grafts (PTFE;
W.L. Gore & Associates, Flagstaff, AR, U.S.A.), were attached to an
artificial aneurysm sac without outflow and incorporated within
the mock circulation.
rubber tubing (diameter: 15 mm, length: 150 cm) con-
nected to a pulsatile pump (Haemonetics; Braintree,
MA, U.S.A.) and a collecting system. Endoleak chan-
nels (ELCs) of various lengths (2 cm, 6 cm, 10 cm) and
diameters (6 mm, 10 mm, 14 mm), constructed using Fig. 2. Endoleak channels of various lengths (2 cm, 6 cm, 10 cm) and
diameters (0.6 cm, 1.0 cm, 1.4 cm).polytetrafluoroethylene grafts (PTFE; W.L. Gore & As-
sociates, Flagstaff, AR, U.S.A.), were incorporated
within the artificial circulation (Figs 1, 2). An artificial
Resultsaneurysm sac made of silicone tubing was attached to
the end of each ELC. Heparinised canine blood was Peak systolic pressure in the artificial circulation wasused within the artificial circuit. The rubber tubing maintained at 150 mmHg. In the absence of thrombus,created compliance within the system, and resistance pressure did not change across the ELCs, regardlesswas adjusted by controlling the outflow diameter. of their length or diameter. In the presence of organisedFrequency of the pulsatile pump was adjusted thrombus the pressure curves distal to the ELCs, into maintain a pulse rate of 80 beats/min, and flow at the aneurysm sac, were dampened and the pressure5 l/min. reduction was directly proportional to the length andA pressure transducer (Konigsberg Inst. Inc., Pasa- inversely proportional to the diameter of each ELCdena, CA, U.S.A.) that permits frequency response and (Fig. 3). A detailed listing of pressure measurementssensitivity, in conjunction with an analog-digital board in the systemic circulation and in the aneurysm sac,(Metrabyte DAS-1407; Trinton Technologies, San proximal and distal to the ELCs, with and without theDiego, CA, U.S.A.), was implanted in the wall of the presence of thrombus, is recorded in Table 1.aneurysm sac, without outflow. Peak systolic pressures
were recorded proximal and distal to each ELC (n=
5). Subsequently, the ELCs were filled with organised
human thrombus, obtained on the day of experiments Discussion
during open abdominal aortic aneurysm repair, and
the pressure measurements repeated (n=5). The goal of endovascular repair is to successfully
exclude the aneurysm from systemic pressure andStatistical analysis was performed by regression
analysis. The data were expressed as mean to prevent rupture. Patent endoleaks can transmit
systemic pressure to the aneurysm sac and their in-value±standard deviation. Statistical significance was
assumed at the 95% confidence interval (R2 >0.95). cidence can range from 12–44%.4–6 The clinical sig-
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rupture.7,8 Recently clinical as well as bench-top studies
have shown that patent endoleaks, regardless of their
size, transmit systemic pressures to the aneurysm
sac.9,10 However, factors contributing to pressure trans-
mission through sealed endoleaks have not been elu-
cidated.
The results of our experiments indicate that all
endoleaks, even when sealed, transmit some pressure.
In the absence of thrombosis, pressure transmitted
through an ELC to the aneurysm sac without outflow
is systemic and unchanged regardless of its length or
diameter. However, when an endoleak has sealed,
pressure reduction is substantially influenced by the
length and diameter of its channel. Sealed endoleaks
with longer channels and smaller diameters (e.g. Type
II endoleaks) have a greater pressure reduction across
them when compared to endoleaks with shorter chan-
nels and larger diameters (e.g. Type I or Type III
endoleaks).
Identifying some of the mechanisms involved in
pressure transmission through endoleaks helps in
Fig. 3. Pressure transmission across patent and thrombosed en- guiding appropriate treatment options for various en-
doleak channels depending on their length and diameter. (∗) Patent
doleaks. For instance, several investigators have ad-ELCs, diameter: 1.4, 1.0, 0.6 cm. (Φ) Sealed ELCs, diameter:
1.4 cm. (Α) Sealed ELCs, diameter: 1.0 cm. (Β) Sealed ELCs, opted algorithms to treat all endoleaks by coil
diameter: 0.6 cm. embolisation to achieve thrombosis. Kato et al.
achieved radiographic seals after coil embolising 10
Table 1. Peak systolic pressures (PSP) proximal to the endoleak Type I, II, and III endoleaks that persisted after en-
channel (ELC) within the circulation were maintained at dovascular aneurysm repair.11 Makaroun et al. reported
150±5 mmHg. PSP distal to the ELCs within the aneurysm sac
their experience with coil embolising all persistentare listed below.
endoleaks at 6 months after endovascular abdominal
ELC ELC PSP without PSP with aortic aneurysm repair. Six of the patients underwentDiameter Length Thrombus Thrombus
coil embolisation of Type I endoleaks, all achieving a(mmHg) (mmHg)
radiographic seal.12 However, these investigators did
1.4 cm 2 cm 150±5 120±4 not measure pressures in the excluded aneurysm sacs1.4 cm 6 cm 150±5 102±4
and failed to demonstrate freedom from endotension.1.4 cm 10 cm 150±5 76±4
Gorich et al. reported a similar experience with coil1.0 cm 2 cm 150±5 80±4
1.0 cm 6 cm 150±5 60±3 embolisation of 10 Type I and 11 Type II endoleaks.13
1.0 cm 10 cm 150±5 38±2 They too achieved radiographic seals, yet failed to
0.6 cm 2 cm 150±5 58±3 comment on pressure reduction within the aneurysm
0.6 cm 6 cm 150±5 35±2
sac.0.6 cm 10 cm 150±5 8±2
The concept of endotension is important because coil
embolisation of endoleaks may result in obliteration of
endoleaks but may not necessarily reduce aneurysm
sac pressurisation, particularly when the ELCs havenificance of endoleaks remains poorly understood and
short lengths and large diameters. Thrombus may sealtheir unpredictable nature in the endovascular treat-
the aneurysm sac or the ELC resulting in an inabilityment of aortic aneurysms is a topic of controversy.
of computerised tomography, contrast arteriography,Several investigators have attempted adjunctive man-
or ultrasonography to detect the endoleak. However,oeuvres to induce thrombosis of the ELC, hoping to
the aneurysm might be subjected to continuous higheliminate pressurisation of the aneurysm sac. How-
pressure, increasing its risk of rupture. In the past weever, others have suggested that even thrombosed or
have investigated the relationship between endoleaks,sealed endoleaks may result in persistent pres-
intra-aneurysmal pressure, and the effects of coil em-surisation of the aneurysm sac (endotension), and can
be associated with an increased risk of aneurysm bolisation.14 In those experiments, regardless of achiev-
Eur J Vasc Endovasc Surg Vol 21, June 2001
M. Mehta et al.544
ing a complete seal of stent-graft related endoleaks References
with a short length and a large diameter (Type III),
1 White GH, May J, Waugh R, Yu W. Type I and type II endoleaks:aneurysm sac pressures did not decrease substantially.
a more useful classification for reporting results of endoluminalThus our previous results are consistent with the AAA repair. J Endovasc Surg 1998; 5: 189–193.
findings in our present experiments. 2 Wain RA, Marin ML, Ohki T et al. Endoleaks after endovascular
graft treatment of aortic aneurysms: Classification, risk factors,Our present results suggest that pressure trans-
and outcome. J Vasc Surg 1998; 27: 69–80.mission through patent ELCs to the aneurysm sac 3 White GH, May J, Waugh RC, Chaufour X, Yu W. Type III
is unchanged regardless of its length and diameter. and IV endoleak: Toward a complete definition of blood flow in
the sac after endoluminal AAA repair. J Endovasc Surg 1998; 5:Furthermore, when an endoleak has sealed, endo-
305–309.tension is directly proportional to the length and in- 4 Blum U, Voshage G, Lammer J et al. Endoluminal stent-grafts
versely proportional to the diameter of its channel. for infrarenal abdominal aortic aneurysms. N Engl J Med 1997;
336: 13–20.Some of these findings are supported by recent papers
5 Moore WS, Rutherford RB. Transfemoral endovascular repairby Baum et al., who evaluated pressure transmission of abdominal aortic aneurysm: results of North American EVT
through endoleaks and the role of coil embolisation phase 1 trial. J Vasc Surg 1996; 23: 543–553.
6 Parodi JC. Endovascular repair of abdominal aortic aneurysmsof lumbar and inferior mesenteric artery endoleaks
and other arterial lesions. J Vasc Surg 1995; 21: 549–557.(Type II).9,15 Their results suggest that all patent en- 7 Matsumara JS, Pearce WH, McCarthy WJ, Yao JST. For the
doleaks transmit systemic pressure to the aneurysm EVT investigation. Reduction in aortic aneurysm size: Early
results after endovascular graft replacement. J Vasc Surg 1997;sac, and coil embolisation of Type II endoleaks reduces
25: 113–123.pressure transmission significantly. 8 Gilling-Smith GL, Martin J, Sudhindran S et al. Freedom
Freedom from endoleaks remains an unreliable from endoleak after endovascular aneurysm repair does not
equal treatment success. Eur J Vasc Endovasc Surg 2000; 19:guide to treatment success. Our results in the ex-vivo
421–425.model suggests that patients with Type II endoleaks 9 Baum RA, Carpenter JP, Tuete CM et al. Diagnosis and treat-
with longer channels and smaller diameters would ment of inferior mesenteric artery endoleaks after endovascular
repair of abdominal aortic aneurysms. Radiology 2000; 215(2):benefit more from adjunctive manoeuvres, such as coil
409–413.embolisation that hasten thrombosis. On the other 10 Schurink GW, Aarts NJ, Wilde J et al. Endoleakage after stent-
hand, thrombosis of endoleaks with short and wide graft treatment of abdominal aneurysm: implications on pressure
imaging – an in vitro study. J Vasc Surg 1998; 28: 234–241.channels (e.g. Type I or Type III) may not result in a
11 Kato N, Semba CP, Dake MD et al. Embolization of perigraft leakssubstantial pressure reduction and a successful out- after endovascular stent-graft treatment of aortic aneurysms. J
come. In such cases we recommend placement of a Vasc Interv Radiol 1996; 7: 805–???.
12 Makaroun M, Zajko A, Sugimoto H, Eskandari M, Websterproximal cuff, a supplementary graft limb, or open
M. Fate of endoleaks after endoluminal repair of abdominalrepair to obliterate the leak and lower the pressure
aortic aneurysms with the EVT device. Eur J Vasc Endovasc Surg
within the aneurysm. 1999; 18: 185–190.
13 Gorich J, Rilinger N, Sokiranski R et al. Treatment of leaks
after endovascular repair of aortic aneurysms. Radiology 2000;
215(2): 414–420.
14 Marty B, Sanchez LA, Ohki T et al. Endoleak after endovascular
graft repair of experimental aortic aneurysms: Does coil em-
bolization with angiographic “seal” lower intra-aneurysmal pres-
sure? J Vasc Surg 1998; 27: 454–462.Acknowledgements
15 Baum RA, Carpenter JP, Cope C et al. Aneurysm sac pressure
measurements after endovascular repair of abdominal aorticSupported by grants from the U.S. Public Health Service (HL
aneurysms. J Vasc Surg 2001; 33: 32–41.02990-05), the James Hilton Manning and Emma Austin Manning
Foundation, the Anne S. Brown Trust, and Jikei University Inter-
national Research Grant. Accepted 6 March 2001
Eur J Vasc Endovasc Surg Vol 21, June 2001
